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BY-NC-ND license (http://creativecomAbstract Objective: The thyroid gland is an important endocrine gland. A nomogram of thy-
roid gland size in a Bangladeshi population is prepared in this study.
Methods: In the present prospective, cross-sectional study, a nomogram of thyroid gland size
was constructed using a linear parameter. Measurements were made of the anterioposterior
diameter of the two lobes and the isthmus of the thyroid gland, and the results compared with
results from Western studies. Thyroid size was also determined in pregnant women and similar
comparisons were made. High-resolution ultrasonography was used for scanning purposes.
Results: Mean, standard deviations, and 95% confidence intervals of the measurements were
derived from the data of 711 individuals. The mean size of the right lobe of the male partic-
ipants was 12.73  2.21 mm and of the left lobe 12.36  2.53 mm. The mean size of the right
lobe of the female participants was 12.31  2.03 mm and of the left lobe 10.88  2.04 mm. The
mean size of the isthmus of the studied men was 3.17  0.69 mm and was 3.09  0.73 mm for
the women studied. The mean values of pregnant women were also derived. Statistically sig-
nificant differences were determined between the right and left lobes within the groups and
between two groups. A table of the unknown thyroid pathologies detected during the study,
found in 71 individuals or 9.08% of all participants, was also prepared.
Conclusion: These nomograms will aid in differentiating normal from abnormal measurements
of thyroid glands in the Bangladeshi population. This study also presents the prevalence of un-
known thyroid diseases in normal Bangladeshi population.
ª 2016, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine. This is
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With recent advances in diagnostic imaging, thyroid gland
size can now be assessed with accuracy using high fre-
quency probes. The thyroid gland is an endocrine gland. It
secretes three important hormones, namely thyroxine (T4),
triiodothyronine (T3), and calcitonin, which affect the
body’s metabolism, growth, and development [1].
The thyroid is composed of right and left lobes con-
nected across the midline by the isthmus. It is located in
the anteroinferior part of the neck below the larynx and
anterior to the trachea. The isthmus unites the lower third
of the lobes. The thyroid gland is generally shaped like a U
or a low-slung H. In the latter, the cross bar represents the
isthmus and the vertical bars represent two conical lateral
lobes, rounded below and tapered above. In the transverse
plane the thyroid gland has a horseshoe appearance [1].
The normal thyroid gland is uniformly echogenic, with
medium- to high-level echoes similar to the liver and
testes. It is more echogenic than the contiguous muscular
structures and vasculatures [1].
High frequency transducers (7.5e15 MHz) currently
provide both deep ultrasound penetrationdup to 5
cmdand high-definition images, with a resolution of
0.7e1 mm. No other imaging method can achieve this de-
gree of spatial resolution. Linear-array transducers are
preferred because of the wider near field of view and the
capability to combine high-frequency gray scale and color
Doppler images [2].
This prospective study was undertaken to prepare a
nomogram of thyroid gland size in a Bangladeshi
population.
Participants and methods
Healthy individuals were evaluated in this cross-sectional,
prospective study. The female participants were divided
into two groups: (1) not pregnant; and (2) pregnant. All
study participants were Bangladeshis. The criterion for in-
clusion in the study was healthy normal individuals with no
history of thyroid or parathyroid gland disease. Criteria for
exclusion from the study were when a goiter or any ab-
normality or lesion was detected in the thyroid gland during
the measurement scan, or any history of thyroid-relatedFigure 1 Longitudinal sections of thyroid lobes for ante-
roposterior measurements.disease. Well informed consent of the patients was ob-
tained. This study was conducted from September 2012 to
December 2014.
All patients underwent a clinical examination followed
by a complete ultrasonographic examination of the thyroid
gland including measurements of the two lobes in the
anteroposterior (AP) diameter and of the isthmus of the
gland also in AP diameter (Figures 1 and 2). The patients
were examined in the supine position, with the neck
extended. A small pillow was placed under the shoulders to
provide better exposure of the neck. Firstly, the thyroid
gland was scanned transversely to see if it was normal and
homogenous to exclude any nodules, cysts, or any other
lesions. A suitable transverse section including the two
lobes and the isthmus of the gland was obtained. AP
diameter of the isthmus was measured in this plane by
placing the cursors in the anterior and posterior margins of
isthmus. The right lobe was then scanned in the longitudi-
nal plane. A long section of the right lobe was obtained and
the image was then frozen. The widest AP diameter of the
lobe was measured by placing the cursors in the anterior
and posterior margins of the lobe. The left lobe was
measured in a similar manner. All measurements were
taken in millimeters (mm). A 7.5-MHz linear transducer
(Aloka, SSD500, Japan) was used for all scans. SPSS (SPSS
Inc., Chicago, Il, USA) was used for data entry and statis-
tical analysis. Mean, standard deviation (SD), and 95%
confidence intervals (CI) of all three measurements were
derived. Statistical significance was analyzed between the
two groups and within each group.
Results
A total of 711 thyroid gland measurements were obtained.
The demographic characteristics of the study population
were as follows: the mean age of the male participants was
38.86  15.30 years (1 SD) with a range of 14e78 years; the
mean age of the female participants was 32.73 
10.51 years (1 SD) with a range of 13e85 years; the mean
age of the pregnant female participants was 28.49 
4.92 years (1 SD) with a range of 18e40 years.
The majority of participants were from urban areas.
Table 1 gives the number of male, female, and pregnant
female participants observed in the course of the study,
and the means and SD of the thyroid measurements. It alsoFigure 2 Transverse section of thyroid gland at the level of
the isthmus for anteroposterior measurement.
Table 1 The number of men, women, and pregnant
women observed in the study, the means and standard de-
viation (SD) of thyroid measurements, and the range and
95% confidence interval (CI) of the data.
Mean  SD Min., max. (95% CI)
Men (n Z 84)
Age (y) 38.86  15.30 14, 78 35.36e42.47
Right lobe (mm) 12.73  2.21 7.4, 18.5 12.21e13.26
Left lobe (mm) 12.36  2.53 7.7, 21.4 11.78e12.94
Isthmus (mm) 3.17  0.69 2.2, 6.2 3.01e3.33
Women (n Z 562)
Age (y) 32.73  10.51 13, 85 31.82e33.65
Right lobe (mm) 12.31  2.03 3.5, 19.9 12.14e12.49
Left lobe (mm) 10.88  2.04 2.6, 18.8 10.70e11.06
Isthmus (mm) 3.09  0.73 1.4, 6.2 3.03e3.16
Pregnant women (n Z 65)
Age (y) 28.49  4.92 18, 40 27.20e29.77
Right lobe (mm) 13.42  2.43 8.70, 20.6 12.79e14.06
Left lobe (mm) 11.66  2.20 3.3, 17.5 11.09e12.24
Isthmus (mm) 3.16  0.73 1.8, 5.3 2.97e3.36
Max. Z maximum; min. Z minimum.
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women, and 65 pregnant women were studied.
Means and SD of the measurements were derived from
the total data of 711 healthy individuals. The mean size of
the right lobe of the male participants was 12.73  2.21 mm
and of the left lobe was 12.36  2.53 mm. The mean size of
the right lobe of the female participants was
12.31  2.03 mm and of the left lobe was 10.88  2.04 mm.
The mean size of the right lobe of the pregnant women was
13.42  2.43 mm and of the left lobe was 11.66  2.20 mm.
The mean size of the isthmus of the men was
3.17  0.69 mm, 3.09  0.73 mm for the women, and
3.16  0.73 mm for the pregnant women.Table 2 Thyroid gland standards for Women & Pregnant
women with comparisons.a
Women
(n Z 562)
Pregnant women
(n Z 65)
p
Mean  SD Mean  SD
Age (y) 32.73  10.51 28.49  4.92 0.001b,*
Right lobe (mm) 12.31  2.03 13.42  2.43 0.001b,*
Left lobe (mm) 10.88  2.04 11.66  2.20 0.003b,*
p 0.001c,* 0.001c,*
Isthmus (mm) 3.09  0.73 3.16  0.73 0.464b
* Significant.
SD Z standard deviation.
a The mean age was found to be 32.73  10.51 years in
women and 28.49  4.92 years in pregnant women. The mean
size of the right lobe was found to be 12.31  2.03 mm in
women and 13.42  2.43 mm in pregnant women. The size of
the mean left lobe was found to be 10.88  2.04 mm in women
and 11.66  2.20 mm in pregnant women. These values were
statistically significant (p < 0.05) between the two groups. The
mean size of the right lobe versus the left lobe was statistically
significant (p < 0.05) within the groups.
b p value reached from unpaired t-test.
c p value reached from paired t-test.Table 2 shows if there were statistically significant dif-
ferences between the women & pregnant women’s mea-
surements and within the two groups of women.
Table 3 shows whether or not the differences were sta-
tistically significant between the men & women’s mea-
surements and within group of women.
Table 4 gives the number of individuals excluded from
the study for different thyroid gland pathologies. These
pathologies were incidentally found during the study of a
total of 782 individuals. These 71 individuals with pathol-
ogies were excluded from the study. They comprised of
9.08% of the total participants.
Besides the 71 individuals who had no history of any
thyroid or parathyroid disease, five more were excluded.
Two were excluded because of a history of hypothyroidism,
one for hyperthyroidism, and one for hypoplasia of the
gland. One had undergone a thyroidectomy for a multi-
nodular goiter (man).
Discussion
The thyroid gland is an endocrine gland consisting of two
lateral lobes and a connecting portion called the isthmus.
Sonography is an accurate method to calculate thyroid
volume. In approximately one-third of cases, the sono-
graphic measurements of volume differ from the physical
size estimate derived from examinations [3].
In the present study the AP diameter of the thyroid gland
was studied in 711 individuals. The mean AP diameter of
the right and left lobes in the male participants was
12.73 mm (95% CI, range 12.21e13.26 mm) and 12.36 mm
(11.78e12.94 mm), respectively. In the women it was
12.31 mm (12.14e12.49 mm) and 10.88 mm
(10.70e11.06 mm), and in the pregnant women it was
13.42 mm (12.79e14.06 mm) and 11.66 mm
(11.09e12.24 mm). The mean AP diameter of the isthmus in
the men was 3.17 mm (3.01e3.33 mm), in women it was
3.09 mm (3.03e3.16 mm), and in the pregnant women it
was 3.16 mm (2.97e3.36 mm) (Table 1).Table 3 Thyroid gland standards for Men & Women with
comparisons.a
Men (n Z 84) Women (n Z 562) p
Mean  SD Mean  SD
Age (y) 38.86  15.30 32.73  10.51 0.001b,*
Right lobe (mm) 12.73  2.21 12.31  2.03 0.0.81b
Left lobe (mm) 12.36  2.53 10.88  2.04 0.001b,*
p 0.314c 0.001c,*
Isthmus (mm) 3.17  0.69 3.09  0.73 0.345b
* Significant.
SD Z standard deviation.
a The mean age was found to be 38.86  15.30 years in men
and 32.73  10.51 years in women. The mean size of the left
lobe was found to be 12.36  2.53 mm in men and
10.88  2.04 mm in women. These values were statistically
significant (p < 0.05) between the two groups. The mean size of
the right lobe versus the left lobe was statistically significant
(p < 0.05) within the group (female patients).
b p value reached from unpaired t-test.
c p value reached from paired t-test.
Table 4 Individuals excluded from the study for different
thyroid gland pathologies.a
Pathologies found in 71 or
9.08% of normal patients
scanned
No. of
cases
71
Percentages of
71 & of total 782 (%)
Goiter (clinically found) 3 4.23, 0.38
Solitary nodule (<15 mm
diameter)
14 19.72, 1.79
(>15 mm diameter) 4 5.63, 0.51
Nodules (2 or more; <15 mm
diameter)
22 30.99, 2.81
(>15 mm diameter) 2 2.82, 0.26
Cyst (solitary; <15 mm
diameter)
8 11.27, 1.02
(>15 mm diameter) 1 1.41, 0.13
Cysts (2 or more; <15 mm
diameter)
6 8.45, 0.77
Cyst with solid inside
(<15 mm diameter)
2 2.82, 0.26
(>15 mm diameter) 2 2.82, 0.26
Coarse parenchyma 5 7.04, 0.64
Heterogeneous parenchyma 1 1.41, 0.13
Heterogeneous parenchyma
with one nodule
1 1.41, 0.13
(<15 mm diameter)
a Besides these 71 excluded individuals, five more were
excluded. Two individuals were excluded for hypothyroidism,
one for hyperthyroidism, and one for hypoplasia of the gland.
One individual had undergone a thyroidectomy for a multi-
nodular goiter (man).
Figure 3 Thyroid nodules in both lobes.
Figure 4 Thyroid cyst with a solid inside it.
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Seventy-one cases due to different pathologies found dur-
ing the scans for this study, and five because of a history of
abnormalities and other reasons (Table 4).
This study was conducted only on healthy participants
with no complaints, signs, or symptoms related to thyroid
or parathyroid disease. The causes for exclusion at the time
of scan were clinical goiter, nodules, cysts, and cysts with a
solid inside it. Lesion diameters >15 mm and <15 mm were
counted separately. Participants with coarse or heteroge-
neous parenchymas were also excluded. Also excluded
were individuals with hypothyroidism and hyperthyroidism,
hypoplasia of the gland, and individuals who had undergone
thyroidectomies (Figures 3 and 4).
In tall individuals, the lateral lobes have a longitudinally
elongated shape on sagittal scans, while in shorter in-
dividuals the gland is more oval. As a result, the normal
dimensions of the lobes have a wide range of variability. In
newborns, the gland is 18e20 mm long, with an AP diam-
eter of 8e9 mm. By 1-year-of-age, the mean length is
25 mm and the AP diameter is 12e15 mm [4].
In one Western study on adults, the mean length was
approximately 40e60 mm and the mean AP diameter was
13e18 mm. The mean thickness of the isthmus was 4e6 mm
[5]. In the present study the mean AP diameter in adults
was 11e14 mm and the mean thickness of the isthmus was
found to be 2.97e3.36 mm.
In another Bangladeshi study, the measurements of the
thyroid gland were given in volume. The mean thyroidvolume of the total population was 7.25  1.18 mL. The
thyroid volumes of men (7.57 mL) was greater than those of
women (6.93 mL, pZ 0.0004), but no sex differences were
observed in the ratio of thyroid volume to body weight
(men 0.1251 mL/kg; women 0.1250 mL/kg). Thyroid volume
was positively related to body weight but not to age. It was
concluded that sex differences in thyroid volume are due to
differences in body weight between men and women [6].
Thyroid volume is generally larger in patients living in
regions with iodine deficiency and in patients who have
acute hepatitis or chronic renal failure; it is smaller in pa-
tients who have chronic hepatitis or have been treated with
thyroxine or radioactive iodine [7,8].
Thyroid volume measurements may be useful for goiter
size determination in order to assess the need for surgery,
to permit calculation of the dose of I131 needed for treating
thyrotoxicosis, and to evaluate the response to suppression
treatments [7].
Thyroid volume can be calculated using linear parame-
ters or more precisely using mathematical formulas. Among
the linear parameters the AP diameter is the most precise,
because it is relatively independent of possible dimensional
asymmetry between the two lobes. When the AP diameter
is more than 2 cm, the thyroid gland may be considered
enlarged. The most precise method of calculating thyroid
volume is an integration of formulas for serial areas ob-
tained from contiguous ultrasound scans [8].
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1.40 mL, increasing by approximately 1.0e1.3 mL for each
10 kg of weight up to a normal volume in adults of
10e11  3 mL [8].
Ultrasonography can be used to help establish the
diagnosis of hypoplasia by demonstrating a diminutively
sized gland [2]. In this study only one case of hypoplasia was
found which was excluded from the study.
Many thyroid diseases can present clinically with one or
more thyroid nodules. Such nodules represent common
and controversial clinical problems. Many of the nodular
diseases of the thyroid gland are clinically occult
(<1.5 cm) but can be readily detected using high resolu-
tion sonography. Epidemiologic studies estimate that be-
tween 4% and 7% of the adult population in the USA have
palpable thyroid nodules, with women being more
frequently affected than men [9,10]. This was also found
in this study in Bangladesh, as women are more frequently
affected than men.
Although nodular thyroid disease is relatively common,
thyroid cancer is rare and accounts for <1% of all malignant
neoplasms [11]. Most nodules exceeding 1.5 cm in
maximum diameter should be further evaluated (usually by
fine needle aspiration cytology), irrespective of physical
and sonographic features. Nodules under 1.5 cm may be
followed by palpation at the time of the patient’s next
physical examination [12]. In most cases of incidentally
detected nodules, we recommend a simple follow up of
neck palpation at the time of the patient’s next physical
examination. Follow-up sonographic examination, radio-
nuclide imaging, fine needle aspiration cytology, or surgical
excision of such incidental nodules is rarely necessary in our
practice [2].
Of 1000 consecutive hypercalcemic patients, 410 (41%)
had sonographically visible nodules, of which only 80 (8%)
were clinically palpable. A similarly high prevalence of
sonographically detected thyroid abnormalities was
recently reported in Finland [13]. In this study of 101
women with no previous thyroid or parathyroid disease, 36%
had one or more sonographically visible nodules. A some-
what higher prevalence of thyroid nodules has been
detected in the autopsy of patients who had clinically
normal thyroid glands; 49.5% had one or more grossly visible
nodules [14].
Thus, high-resolution sonography can detect almost as
many nodules as are demonstrated by careful pathologic
examination, and both studies showed a direct relationship
between the prevalence of thyroid nodules and patient
age. A similar relationship was also noticed in the present
study.
Although these studies have shown a high prevalence of
thyroid nodules detected by autopsy and sonography, the
prevalence of thyroid malignancy reported in them was
only 2% and 4%, respectively, with most cases (90%) being
occult (<1.5 cm) papillary cancers [14,15]. The vast ma-
jority of patients with occult papillary thyroid cancer have
an excellent prognosis, with essentially no reduction in life
expectancy and no morbidity from appropriate surgical
therapy. Further evidence that most subclinical thyroid
cancers have a benign natural history, is the fact that the
annual incidence of clinically detected thyroid cancer is
only 0.005% (5/100,000 people) [11,16].If 90% of those cancers are papillary and therefore
eminently curable after they become clinically apparent, it
seems both impractical and imprudent to pursue a diagnosis
of all the small nodules detected incidentally with high-
resolution sonography [2].
Several thyroid diseases are characterized by diffuse
rather than focal involvement. Recognition of diffuse thy-
roid enlargement on sonography can often be facilitated by
noting the thickness of the isthmus. Normally it is a thin
bridge of tissue measuring only a few millimeters in the AP
dimension. With diffuse thyroid enlargement, the isthmus
may be up to 1 cm or more in thickness [2].
The limitation of this study was that it was carried out in
an urban setting. A few rural individuals, who traveled to
the city to see the doctors for other reasons, were
included. Otherwise the participants were mainly city
dwellers of the capital city of Dhaka in Bangladesh. Though
most are migrants from rural areas from all over
Bangladesh, over many years.
Conclusion
A nomogram of thyroid size using a linear parameterdAP
diameterdhas been prepared in this study using high-
resolution ultrasound. Comparisons have been made be-
tween right and left lobe sizes and between different
groups. The prevalence of unknown thyroid gland pathol-
ogies in a normal Bangladeshi population was also deter-
mined in this study, with 9.08% of normal individuals found
to have some pathology during the scan.
Recommendation
Studies should be carried out to prepare population spe-
cific nomograms of different glands. This will aid in the
determination of abnormal sized glands more accurately,
using ultrasonography, in a particular population. Also, an
analysis of thyroid size and the incidence of pathologic
lesions among the young and aged population is
recommended.
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